Abstract. The Pantanal is a large and diverse wetland whose main attribute is the flood pulse that alters soil nutrients and contributes to spread an invasive tree (Vochysia divergens Pohl) for more than four decades forming monospecific stands (locally known as Cambarazal). Our goal was to investigate soil nutrients and vegetation structure in a seasonal flooded forest dominated by Vochysia divergens Pohl in the Northern Brazilian Pantanal. There was an increasing of H+Al, H, OM, S, P, Al and CEC concentration after flooding, but only Fe showed a significant increasing. There was a decreasing of pH, Cu, Zn, Mg, Ca+Mg and sand values after flooding, but only values of Mn, clay and silt showed a significant decreasing. There was no variation in concentration of B and K after flooding. We found 14 species distributed in 13 families. V. divergens had the highest abundance followed by L. parvifolia and M. elliptica. The mean diameter was 28.36 cm, density was 839.98 individuals.ha -1 , and average basal area was 66.16 m 2 .ha -1
Introduction
Wetlands are a complex aquatic-terrestrial transition zones along the periodically floodplains (Junk et al., 1989) . These areas can strongly influence local and regional climates through their dynamic interactions with the atmosphere (Ehhalt et al., 2001) . Pantanal is the largest seasonally flooded plain of the world, located in the center of South America (Junk et al., 2006; Zeilhofer, 2006) , occupying a surface area of approximately 150,000 km 2 which spans Brazil, Paraguay, and Bolivia (Haase, 1999) . The main attribute is the flood pulse (water level variation) that regulates its ecological processes (Junk et al., 1989) .
Flooding causes physical, chemical and biological changes in soils (Pezeshki and Delaune, 2012) , suffering several cycles of alternating aerobic and anaerobic conditions (Reddy and Patrick, 1975) , and affecting processes in the soil such as reduction in soil redox potential, pH, iron, manganese and sulfate, and nitrification (Ponnamperuma, 1972; Reddy and Patrick, 1975; Kirk 2004; Pezeshki and Delaune, 2012) . These changes can interfere in the nutrient availability and production of toxic substances
Material and Methods

Study area
The study was conducted in a flooded forest at Parque Baía das Pedras (16°43'51"S: 56°04'17"W) of the Estância Ecológica SESC Pantanal in the Northern Brazilian Pantanal, which is located 130 km SSW from Cuiabá, Mato Grosso, Brazil. (Figure 1 ). The regional climate according to Köeppen classification is Aw, which represents a hot and wet climate with rainfall in the summer and drought in the winter. Annual rainfall is on average 1400 mm with a pronounced dry season from May through September (Nunes da Cunha and Junk, 2001 ). The annual average of air temperature oscillates between a maximum from 29 to 32°C and a minimum from 17 to 20°C (Brasil 1997 
Field Measurements
Five transects of 50 meters each one were established in study area with sampling points at intervals of 5 m in the study area. Micrometeorological variables were collected over one year (January-December 2012). The water level was measured by a graduated tape in 55 sampling points, once a month during the flooding period in 2012. The soil water content was measured at the 0-12 cm layer using a portable TDR sensor (Hidrossense II Mod CS620, Campbell Sci., USA). Soil was sampled from each point from the upper 10 cm soil layer using a hammer core in December 2011 (before flooding) and July 2012 (after flooding).
Species were sampled in transects using the point-quarter method (Goldsmith and Harrison, 1976) . Briefly, each measurement point was divided into four quadrants, and within each quadrant, the distance to the nearest tree and its circumference greater than 20 cm at breast height (1.3 m aboveground) were measured. All sampled trees were identified and marked with plastic numbered plates for purposes of long-term monitoring. In case of trees with multiple stems, each one was separately measured, and the sum of their areas was considered the basal area of the tree.
Micrometeorological variables
One micrometeorological station (model WXT520, Vaisala Inc., Helsinki, Finland) was installed at 2 km south of study area. The collected variables were: air temperature (˚C), relative humidity (%) and precipitation (mm). The data were stored at intervals of 30 minutes in a datalogger (model CR1000, Campbell Scientific, Logan, Utah, USA), connected in a battery with solar panel.
The vapor pressure deficit (VPD) in kPa was calculated by:
where es is the saturation vapor pressure, and ea is the actual vapor pressure (kPa where Ta is the air temperature (°C).
The ea was calculated by:
where RH is the relative humidity (%). ) content, organic matter (SOM) and granulometry content using a commercial soil analysis laboratory (Plante Certo, Inc., Várzea Grande, Mato Grosso, Brazil). Briefly, soil pH was analyzed in distilled water extracts from 1:2.5 soil/extract proportions using a standard pH meter (TEC -3MP, TECNAL, Piracicaba, Brazil). The P was analyzed calorimetrically from Mehlich (HCl 0,05N + H2SO4 0,0125N) extracts using colorimeter (600s, FEMTO, São Paulo, Brazil) and a flame photometer (B262, Micronal, São Paulo, Brazil), respectively. Soil Ca 2+ , Mg 2+ , Zn 2+ , Cu 2+ , Fe 3+ e Mn 2+ were analyzed from 1 M KCl extracts using a flameAtomic Absorption spectrometer (AA1475, Intralab, São Paulo, Brazil). Soil Al 3+ and H + were extracted by 0.025 mol/L of calcium acetate. The potential acidity was quantified by a manual burette (Vidrolabor, São Paulo, Brazil), using NaOH 0.025 mol/L as a titration. Soil organic matter was analyzed calorimetrically using the Walkley-Black method (Nelson and Sommers 1996) . Soil CEC was calculated as the sum of all measured cations (Robertson et al. 1999 ). The particle size distribution was performed by granulometry analysis.
Soil nutrient analysis
Vegetation structure
Vegetation structure was characterized at each transect using density calculated as a function of the mean distance and the basal area calculated by converting the circumference into trunk area (m 2 .individual -1 ) and multiplying by the density (individuals.m -2 ) which expresses the dominance (Goldsmith and Harrison, 1976) . The index of relative importance (IRI) for each species per transect was calculated as the sum of relative density, dominance, and frequency which was calculated by counting the number of sampling points per transect that a given tree species was observed (Goldsmith and Harrison, 1976) . Relative estimates of parameters per transect were calculated for each tree species by dividing the absolute estimates by their respective totals.
Tree species richness within transect was calculated as the number of species encountered per transect, and tree species diversity was calculated using the ShannonWeiner (H') Index (Magurran, 1998) . IRI for each species per transect was used to calculate H', and confidence intervals (±95%) of H' were calculated by bootstrapping estimates over 1000 iterations for random sampling with replacement (Efron and Tibshirani, 1993 
Statistical analyses
Differences in nutrient concentrations before and after flooding were assessed by comparing mean ±95% confidence intervals calculated by bootstrapping estimates over 1000 iterations for random sampling with replacement (Efron and Tibshirani, 1993) . Simple linear regression was used to test if: (i) the stem diameter affected the tree density, and (ii) V. divergens dominance affected diversity (H'). All statistical analyzes were performed in R program version 2.15.0 (R Core Team 2012).
Results
Microclimate and flooding
Lower values of rainfall were in the dry season with no precipitation in July and August (Figure 2a The annual precipitation was 1637.91 mm with 84% of total amount in the wet season. The annual air temperature was 24.4°C, with a minimum in July (19.9°C) and a maximum in December (26.7°C). The flooding period occurred from January to June and December (Figure 2b ). Soil water content followed the seasonal trend in rainfall with the lowest value in September and higher values near the flooding period. Seasonal variation in VPD followed the inverse of seasonal trend in rainfall (Figure 2c ). The peak of VPD was in September when was lower values of relative humidity and soil water content.
Seasonal changes in soil properties
The soil had sandy-clay texture ( Figure 3 ). The concentration of H+Al, H, OM, S, P, Al and CEC increased after flooding, but only Fe showed a significant increasing after flooding ( Table 1 ). There was no variation in concentration of B and K after flooding. The values of pH, Cu, Zn, Mg, Ca+Mg, and sand decreased after flooding, but only values of Mn, clay and silt showed a significant decreasing after flooding. 
Species composition and vegetation structure
We found 14 species distributed in 13 families ( Table 2 ). The species with the highest abundance was V. divergens followed by L. parvifolia and M. elliptica. The mean diameter was 28.36 cm, density was 839.98 individuals.ha -1 , and average basal area was 66.16 m 2 .ha -1 ( Table 3) . The plant community had a negative diameter distribution (Figure 4a) , while the population of V. divergens had a Gaussian distribution (Figure 4b ). The forest density and diversity decreased with increasing in tree diameter and IRC of V. divergens, respectively (Figure 5a,b 
Figure 5. Simple linear regression between density and stems diameter (a), and Diversity Index (H') and IRCvd (b) in a seasonal flooded forest with dominance of Vochysia divergens in the Northern Brazilian Pantanal.
Discussion
Hydrometeorological pattern
The seasonal trend of rainfall was consistent with the climatology for the region. The wet season is from October to March which can represent more than 80% of the amount of total annual precipitation while low rainfall was recorded during June to September which is consistent with the 4-5-month duration of the dry season ( 2005) showed in acid soils that phosphates of iron and aluminum are prevalent forms which release phosphorus when the soil pH increases with flooding. They also pointed out pH reduction increases with soil by flooding compounds, as they increase the levels of iron and manganese in solution. Moreover, the calcium, magnesium, potassium and sodium were directly influenced by their exchangeable levels as well as by the kinetics of iron and manganese (Lima et al., 2005) .
Flooding provokes nutrient transformations which accompany changes in redox potential of soil (Ponnamperuma, 1972; Reddy and Patrick, 1975; Reddy and Patrick, 1976; Buresh et al., 2008; Pezeshki and Delaune, 2012 ). This happens due to diffusion restriction of atmospheric air to ground, and then oxygen is quickly depleted by breathing of roots and microorganisms, increasing carbon dioxide accumulation (Pezeshki and Delaune, 2012; Reddy and Patrick, 1975; Ponnamperuma, 1972) . This accumulation decreases the pH of alkaline soils, and increases the pH of acidic soils, resulting in the convergence of the soil pH between 6.5 and 7 (Kirk, 2004; Ponnamperuma, 1972) . The pH of acidic soils increases because the consumption of hydrogen ions in the reduction processes (Kirk, 2004) . However, there are some factors that decrease the pH in acidic soils, such as: (i) acid soils poor in organic matter reach a pH below 6.5, (ii) soils rich in sulfides and poor in iron cannot achieve a pH above 5, and (iii) low temperature and nitrate retard the increase of pH (Ponnamperuma, 1972) .
In general, the organic matter decomposition under anaerobic conditions is slower than under aerobic conditions (Kirk, 2004; Reddy and Patrick, 1975) , because the free energy is lower for the reactions involved (Kirk, 2004; Mclatchey and Reddy, 1998) . First of all, decomposition involves formation of acids (acetic, propionic and butyric acid), followed by a conversion of the organic acid gases, such as methane (Kirk, 2004) . The large amount of clay in the soil reduces the rate of organic matter decomposition in the soil, causing an increase in the amount of soil organic matter (Chapin et al., 2002) . Therefore, increasing the organic matter content is a result of the decreased amount of activity of microbial enzymes caused by gradual decrease of microbial biomass due to reduced energy captured by the microorganisms to use an alternative acceptor in their respiration (Mcatchey and Reddy, 1998) .
Studies have showed that longer flooding and higher water depth did not follow directly the topographic elevation (Poole et The forest development is influenced by the self-thinning rule, relating the survival of plants with density dependent mortality in which is the decline of density as the biomass increases with time (Mohler et al., 1978; White, 1981 smaller diameters are young and with larger are more mature. As a tree grows in a forest, trees begin to compete for light, water and nutrients, causing the death of some trees with intensifying competition (Tang et al., 1994) . The frequency distribution of diameters describes the forest development, then the negative distribution indicates young forests and Gaussian-shaped distribution indicates mature forests. Thus, the plant community in the study area is young, while the population of V. divergens is transitioning from young trees to mature. Furthermore, the decrease in density with increasing diameter may also be explained by the rule of self-thinning.
The high importance value of a species is influenced by high densities and dominance as showed by V. divergens. Arieira The dominance (density or coverage value) for forest stands is determined when a single species compound more than 50% of the canopy (Connell and Lowman, 1989; Hart et al. 1989 ). The dominant species was V. divergens, and diversity decreased as its dominance increased. Monospecific forests are less diverse than those in which the canopy has no dominance (Connell and Lowman, 1989) . The mechanisms that control monodominance are not yet fully known, but may be related to the assumptions based on space or time (Read et al., 2006) .
In Central Africa, Torti et al. (2001) proposed that the nutrient return in forests of monospecific Gilbertiodendron dewevrei is retarded by the low decomposition rate of litter preventing the establishment of species with small seeds. Moreover, Peh et al. (2011) argued that the mechanism proposed by Torti et al. (2001) to explain monodominance is not consistent, since their empirical data suggest that soils or soilvegetation interactions are not the cause of the difference in vegetation between mixed and monodominante forest. Arieira and Nunes da Cunha (2006) proposed the flood pulse as a factor affecting the structure and composition of vegetation in a monodominante forest of Vochysia divergens in Northern Pantanal, favoring or limiting the establishment and development of species. Seasonal variations of flooding levels are considered disorders that affect the successional development, allowing pioneer species maintain high densities in the Pantanal (Pott and Pott, 1994; Silva et al., 2000) .
Conclusions and Future Research
These results indicate that (i) flooding affected soil nutrients concentration, and (ii) dominance of Cambará affected species distribution and diversity in the study area. Future research should investigate (i) production, transport and deposition of sediment to understand better the soil nutrient storage in Neotropical seasonal wetlands, and (ii)
